Background: Many patients with refractory or relapsed gastric cancer after first-line chemotherapy have received salvage chemotherapy in routine clinical practice. However, there was no evidence to support this treatment until recent phase III trials demonstrated substantial prolongation of overall survival. Therefore, we conducted a meta-analysis of these trials and investigated whether second-line chemotherapy was more effective than best supportive care. Results: The search process yielded 578 studies, two of which were randomized phase III trials that compared chemotherapy with supportive care. From the abstracts and virtual meeting presentations of ASCO held between 2004 and 2013, 127 abstracts were identified that evaluated second-line chemotherapy; only one relevant abstract was included in the meta-analysis. A total of 410 patients were eligible for analysis, of whom 150 received docetaxel chemotherapy, and 81 received irinotecan chemotherapy. A significant reduction in the risk of death [HR = 0.64, 95% confidence interval (CI) 0.52-0.79, P < 0.0001] was observed with salvage chemotherapy.When the analysis was restricted to irinotecan or docetaxel, there was still significant reduction in the risk of death with each chemotherapeutic agent. The HR was 0.55 (95% CI 0.40-0.77, P = 0.0004) for irinotecan and 0.71 (95% CI 0.56-0.90, P = 0.004) for docetaxel.
introduction
Gastric cancer is the fourth most frequent malignant disease and the second most common cause of cancer-related death in the world [1] ; it is also the second most frequent malignancy in Korea [2] . Although patients with early gastric cancer can be cured by surgical resection with perioperative or adjuvant chemotherapy, a large majority of patients experience a relapse after initial surgery or are diagnosed with unresectable, locally advanced or metastatic disease. Systemic chemotherapy with combination of fluoropyrimidine and platinum is now regarded as the standard treatment of these patients [3] . However, the efficacy of first-line treatment is modest, and most patients are nonresponders or eventually experience disease progression.
Even though patients with refractory gastric cancer have received salvage chemotherapy in routine clinical practice, especially in Asia, there was no evidence to support salvage chemotherapy until recent phase III trials demonstrated substantial prolongation of overall survival. Results of three randomized, controlled trials (RCT) were published as articles [4, 5] or abstract [6] and showed overall survival benefit from treatments with irinotecan or docetaxel compared with best supportive care (BSC) alone in patients for whom one or two prior treatments failed. We conducted a meta-analysis of these trials and investigated whether second-line chemotherapy was more effective than BSC.
methods search strategy
We searched the Cochrane Central Register of Controlled Trials (CENTRAL, Issue 1, 2013), MEDLINE (1950 to March week 4, 2013) and EMBASE (1980-2013, week 13) for articles that included the following search terms in their tiles, abstracts, or keyword lists: 'gastric or gastroesophageal or gastroesophagus or esophagogastric or stomach', 'cancer or neoplasm or carcinoma or malignant or malignancy', 'second-line or salvage or supportive care', 'chemotherapy or chemotherapeutic or antineoplastic agent', and 'randomized or randomized, controlled trial or randomised'. In addition, we searched the reference lists of relevant articles/reviews and used the 'related articles' feature in PubMed to identify additional articles. We searched all abstracts and virtual meeting presentations from the American Society of Clinical Oncology (ASCO) conferences held between 2004 and 2013 and sought expert opinion to identify relevant but unpublished studies.
We assessed all potentially eligible studies identified by the above search strategy. Clinical trials that met the following criteria were included in the meta-analysis: (i) trials comparing second-line or salvage treatment chemotherapy with BSC and (ii) prospective phase III randomized trials. Two review authors extracted data from each included study using an agreed-upon form and assessed the risk of bias. We resolved discrepancies through discussion.
statistical analysis
The primary outcome measure of this meta-analysis was overall survival, defined as the time from the date of random assignment to date of death as a result of any cause. Survival analysis was conducted using the intention-totreat population. A fixed effect model was used to calculate the pooled hazard ratio (HR) estimate. HRs for death were combined using an inverse variance method based on a logarithmic conversion; 95% confidence intervals (95% CIs) were used to determine the standard error (SE) using the formula SE = 95% CI/1.96. The traditional Q-test and the I 2 statistic were used to evaluate heterogeneity. Significant heterogeneity was considered to be present for P < 0.05 in the Q test or for I 2 > 30%. The Z-test for overall effect and its two-sided P-value were also assessed. RevMan v5.2 software was used to report outcomes.
results
The search process yielded 578 studies, two of which were randomized phase III trials that compared chemotherapy with supportive care. From the abstracts and virtual meeting presentations of ASCO held between 2004 and 2013, 127 abstracts were identified that evaluated second-line chemotherapy; only one relevant abstract was included in the meta-analysis. Figure 1 shows the search process. Finally, three randomized phase III trials that compared irinotecan or docetaxel with BSC were selected. A total of 410 patients were eligible for analysis, of whom 150 received docetaxel chemotherapy, and 81 received irinotecan chemotherapy. The characteristics of studies are described in Table 1 .
The trials by Thuss-Patience et al. and Cook et al. were conducted in Europe, and the trial by Kang et al. took place in Asia. Enrolled patients were diagnosed with esophagogastric cancer. Most had an ECOG performance status of 0 or 1 and progressed within 3 months of a previous chemotherapy (Table 2) .
Overall survival was compared for 238 patients who were assigned to irinotecan or docetaxel as salvage chemotherapy with 172 patients who received supportive care. A significant reduction in the risk of death (HR = 0.64, 95% CI 0.52-0.79, P < 0.0001) was observed with salvage chemotherapy, as shown in Figure 2 . Heterogeneity was not detected.
When the analysis was restricted to irinotecan or docetaxel, there was still a significant reduction in the risk of death associated with each chemotherapeutic agent, as shown in Figure 3 and 4. The HR was 0.55 (95% CI 0.40-0.77, P = 0.0004) for irinotecan and 0.71 (95% CI 0.56-0.90, P = 0.004) for docetaxel. There were no significant differences in treatment effect according to the chemotherapeutic agent.
Meta-analysis of the two trials in Europe also demonstrated that second-line chemotherapy reduced the risk of death by 37% compared with BSC (HR = 0.63, 95% CI 0.47-0.84; Figure 5 ). [4, 6] .
This meta-analysis demonstrated that there exists a clear clinical benefit from the use of second-line chemotherapy in patients with advanced gastric cancer with 36% reduction in the risk of death. These results were observed consistently regardless of the administered drugs, and the magnitude of the clinical benefit was similar between European and Asian populations in terms of survival (HR = 0.63 and 0.657, respectively).
The results of randomized clinical trials including a BSC arm can be affected seriously by the lack of standardization of BSC delivery. Considering the descriptions of BSC in articles, the authors were aware of the risk of bias and tried to provide consistent and preplanned BSC intervention. Kang et al. [5] attempted to describe the administration of BSC intervention in detail and to provide explicit guidance. Thuss-Patience et al. had patients in the BSC arm examined and evaluated at the same frequency and by the same methods as in the irinotecan arm [4] . Therefore, it is unlikely that the lack of standardization of BSC may be a source of bias.
If the patients in the BSC arm received chemotherapy during the study period or after progression, it could be an important factor reducing the power of the findings of these trials. In trials by Thuss-Patience et al. and Kang et al., only four patients (4.5%) among 88 patients enrolled in BSC arm received Although the benefit of second-line chemotherapy is evident, the disease control rate is just above 40%. In other words, almost half of patients do not benefit from second-line chemotherapy and suffer from chemotherapy toxic effect. Therefore, it is important to predict whether patients can benefit from secondline chemotherapy. Considering the results of univariate analysis for survival in two trials [4, 5] , a good performance status and long chemotherapy-free interval (≥3 months) could be important positive prognostic indicators that could help physicians to make a decision regarding treatment. Several retrospective studies conducted to identify optimal prognostic factors have also suggested prognostic factors such as performance status, hemoglobin level, and time to progression of first-line chemotherapy [9] [10] [11] [12] .
Several limitations of this meta-analysis should be noted. Clinical and pathological factors were not analyzed thoroughly to identify prognostic factors, since the details about these factors were not available. The impact of second-line chemotherapy on quality of life was not analyzed due to lack of data. The trial by Cook et al. [6] addressed in the abstract that similar global health-related quality of life was observed in each arm. The other two trials did not report any assessment of quality of life.
In conclusion, this meta-analysis demonstrated evidence to support the efficacy of second-line chemotherapy in the treatment of advanced gastric cancer. Several agents are available, and physicians can choose a regimen depending on toxic effect profiles and previous chemotherapy agents. Clinical prognostic factors derived from previous trials may guide physicians in deciding on the best treatment plan to improve outcomes. 
